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PROCESS FOR THE PREPARATION OF DONEPEZIL AND DERIVATIVES THEREOF 

Field of the Invention 

The field of the invention relates to processes for the preparation of piperidylmethyl- 
indanones, and to the use of these compounds as intermediates for the preparation of benzyl- 
piperidylmethyl-indanones which are active compounds for the treatment of CNS disorders. 
The invention also relates to a process for the preparation of donepezil or a pharmaceutically 
acceptable salt thereof, and pharmaceutical compositions that include the donepezil or a 
pharmaceutically acceptable salt thereof. 

Background of the Invention 

Benzyl-piperidylmethyl-indanones such as donepezil have an excellent 
pharmacological action as prophylactic or medicament for senile dementia, especially for 
Alzheimer disease. Several processes have been reported for the preparation of benzyl- 
piperidylmethyl-indanones for example, in U.S. Patent Nos. 4,895,841; 5,606,064; 6,252,081; 
6,413,986; WO 97/22584 and J. Med. Chem. 1995, 38_(24), 4821-4829. These processes 
require multiple steps or complicated purification processes such as chromatography and 
therefore inevitably lead to poorer yields or purity. 

Summary of the Invention 

In one general aspect there is provided a process for preparing 2-(4-piperidinyl) 
methyl- 1-indanone of formula II, or a salt thereof, 




Formula II 
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wherein R l , R 2 , R 3 , and R 4 are identical or different, and represent hydrogen or straight 
or branched -chain alkyl, alkoxy, alkoxycarbonyl, alkyl- or dialkyl-aminocarbonyloxy, 
trifluoromethyl, or halogen. The process includes reducing 2-(4-pyridyl) methyl- 1-indanone 
of the formula IE, or a salt thereof, 

R 
R 

Formula III 

wherein R 1 , R 2 , R 3 , and R 4 are as defined above; and recovering the 2-(4- 
piperidinyl)methyl- 1-indanone of formula II, or a salt thereof. 

Recovering the 2-(4-piperidinyl) methyl- 1-indanone may include one or more of 
distillation, distillation under vacuum, filtration, filtration under vacuum, decantation and 
centrifugation. 

The process may include further drying of the product obtained. 

In another general aspect there is provided a process for preparing the 2-(4-pyridyl) 
methyl-l-indanone of formula in, or a salt thereof, wherein R 1 , R 2 , R 3 , and R 4 are as defined 
above. The process includes selectively reducing 2-(4-pyridyl) methylene- 1-indanone of 
formula IV, or a salt thereof, 

R 
R 

R 4 

Formula IV 
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wherein R , R , R 3 , and R 4 are as defined above; and recovering the 2-(4-pyridyl) 
methyl- 1-indanone of formula III, or a salt thereof. 

Recovering the 2-(4-pyridyl) methyl- 1-indanone may include one or more of 
distillation, distillation under vacuum, filtration, filtration under vacuum, decantation and 
5 centrifugation. 

The process may include further drying of the product obtained. 

In another general aspect there is provided a process for preparing benzyl- 
piperidylmethyl-indanones of formula I, or a salt thereof, 



15 




10 Formula I 

wherein R 1 , R 2 , R 3 , and R 4 are as defined above. 

The process includes reacting the 2-(4-piperidinyl) methyl- 1-indanone of formula E, 
or a salt thereof, with a benzyl derivative of formula V, 




Formula V 



wherein X is a leaving group, in the presence of a base; and recovering the benzyl- 
piperidylmethyl-indanones , or a salt thereof. 

Recovering the benzyl-piperidylmethyl-indanones may include one or more of 
distillation, distillation under vacuum, filtration, filtration under vacuum, decantation and 
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centrifugation. 

The process may include further drying of the product obtained. 

The Compounds of formula I may thus be obtained in good yield and purity without 
resorting to chromatographic purification. 

In another general aspect there is provided an improved process for preparing 
donepezil of formula VI, or a pharmaceutically acceptable salt thereof. 




HCI 



Formula VI 

The process includes reacting 2-(4-piperidinyl) methyl- 1-indanone of formula H, or a 
salt thereof wherein R 1 and R 4 represent hydrogen and R 2 and R 3 represent methoxy, with a 
benzyl derivative of formula V, wherein X is a leaving group, in the presence of an inorganic 
base and a phase transfer catalyst. 

In another general aspect there is provided a pharmaceutical composition that includes 
a therapeutically effective amount of donepezil or a pharmaceutically acceptable salt thereof; 
and one or more pharmaceutically acceptable carriers, excipients or diluents. 

The details of one or more embodiments of the inventions are set forth in the 
description below. Other features, objects and advantages of the inventions will be apparent 
from the description and claims. 

Detailed Description of the Invention 

The inventors have developed an efficient process for the preparation of 2-(4- 
piperidinyl) methyl- 1-indanone of formula H, or a salt thereof, wherein R 1 , R 2 , R 3 , and R 4 
identical or different, and represent hydrogen, or straight or branched -chain alkyl, alkoxy, 



are 
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alkoxycarbonyl, alkyl- or dialkyl-aminocarbonyloxy, trifluoromethyl, or halogen.. The 
process involves reducing 2-(4-pyridyl) methyl- 1-indanone of formula III, or a salt thereof. 

Examples of alkyl groups include methyl, ethyl, n-propyl, isopropyl, and tert-butyl. 
Examples of alkoxy groups include methoxy, ethoxy, isopropoxy, and tert-butoxy. The term 
5 "halogen" includes fluorine, chlorine, bromine, and iodine. Examples of alkoxylcarbonyl 
include methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, and tert-butoxycarbonyl. 
Examples of alkyl- or dialkyl-aminocarbonyloxy include methylaminocarbonyloxy, and 
dimethylaminocarbonyloxy. In a particular example, R 1 and R 4 represent hydrogen and R 2 and 
R 3 represent methoxy in the compounds of formula II and III. 

10 In general, the reduction may be achieved by hydrogenation in the presence of a 

catalyst. The hydrogenation catalysts used for the reduction are the customary hydrogenation 
catalysts known in organic chemistry, for example transistion metal compounds. Examples of 
transistion metal compounds include platinum compounds such as platinum oxide, ruthenium 
compounds such as ruthenium oxide and rhodium compounds such as rhodium/carbon. 

15 The hydrogenation may be carried out at normal pressure, or at elevated pressure 

depending on the choice of catalyst. In general, it may be carried out at a hydrogen pressure in 
the range from 1 to 10 atmospheres, or at a hydrogen pressure in the range from 1 to 2 
atmospheres. 

The hydrogenation may be carried out at a temperature from about -20°C to about 
20 120-C, for example from about 0°C to about 80°C. In particular, it may be carried out at a 
temperature from about 10°C to about 35°C. 

The compounds of formula H can be produced by methods known in the art such as 
the procedures disclosed in U.S. Patent No. 6,413,986; WO 97/22584, J. Med.Chem . 19 95 , M 
(24), 4821-4829, or obtained by the reduction of compounds of formula m. 

The inventors have also developed a process for the preparation of 2-(4-pyridyl) 
methyl- 1-indanone of formula III, or a salt thereof, wherein R 1 , R 2 , R 3 , and R 4 are identical or 
different, and represent hydrogen, or straight or branched -chain alkyl, alkoxy, 
alkoxycarbonyl, alkyl- or dialkyl-aminocarbonyloxy, trifluoromethyl, or halogen.. The 
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process involves selectively reducing 2-(4- P yridyl) methylene- 1-indanone of formula IV or a 
salt thereof. ' 



25 



Example, of alky, groups include methyl, ethyl, n-propy,, isopropyl; and ^ 
Examp.es of alkoxy groups inc.ude methoxy, ethoxy, isopropoxy, and ten-butoxy. The term 
> ha,oge„» inc.udes fluorine, chlorine, bromine, and iodine. Examples of .Ucoxy.carbonyl 
mclude memoxycarbonyl, ethoxycatbonyl, isopropoxycarbonyl, and ter<-bu t „xycarbonyl 
Examp.es of alkyl- or dialkyl-aminoearbonyloxy include memylammocamonyloxy, and 
duuemy.aminocarbony.oxy. In a particular example, R' and R' represent hydrogen and R> and 
R represent methoxy in the compounds of formula m and IV. 

1H. compounds of formula m can be produced by methods known in the art such as 
the procedures disclosed in U.S. Paten, No. 6,252,08 1 or may be obtained by me selective 
reduction of compounds of formula IV. 

In general, the reduction of the compound of formula IV to compound of formula HI 
may be achieved by selective hydrogenation in the presence of a catalyst or by other 
conventional procedures for carbon- carbon double bond reduction, which do not reduce the 
pyridine ring of the compound of formula IV. 

The inventors have observed that the formation of a complex mixture of impurities is 
minimized or eliminated altogether by avoiding direct reduction of the compound of formula 
IV to the compound of formula H 

m general, the reduction may be achieved by hydtogenation in the presence of a 
catalyst The catalysts used for me selective hydrogenation are the customary hydrogenation 
catelysts known in organic chemistry, for example translation metal compounds, used under 
mflder conditions. Examples of suitab.e transisHon mete, compounds toc.ude ptannum 
compounds such as platinum/carbon, palladium compounds such as palladium/carbon 
palladium hydroxide, and nickel compounds such as Rancy nickel. 

The selective hydrogenation may be carried out a, norma, pressure, or at somewhat 
Oevated pressure depending on the choice of catalyst. In general, I, may be earned ou, a, a 
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hydrogen pressure in the range from 1 to 5 atmospheres, or at a hydrogen pressure in the 
range from 1 to 2 atmospheres. 

The hydrogenation temperature may be varied depending on the choice of catalyst 
and/or pressure employed. For example, the hydrogenation may be carried out at a 
temperature from about-20°C to about 60°C, or at a temperature from about 0°C to about 
40»C. In particular, it may be carried out at a temperature from about 10°C to about 35°C. 

The conventional procedures for selective carbon- carbon double bond reduction 
wluch may be employed, include using hydrazine hydrate or ammonium formate /formic acid.' 

The compounds of formula IV are known compounds, and can be produced by 
methods known in the art such as the procedure disclosed in U.S. Patent No. 5,606 064 
example 1. ' ' 



Suitable solvents for hydrogenation of the compounds of formula II or IV are the 
customary inert solvents that do not change under the reaction conditions. Examples of such 
solvents include ethers, such as dibutyl ether, methyl tert-butyl ether, dioxane and 
tetrahydrofuran; alcohols such as methanol, ethanol, propanol, isopropanol and butanol- 
chlonnated hydrocarbons such as dichloromethane, tetrachloromethane and dichloroethylene- 
esters such as ethyl acetate and isopropyl acetate; ketones such as acetone and MIBK 
(methylisobutylketone); hydrocarbons such as hexane, toluene, and xylene; water polar 
aprotic solvents such as dimethylformamide; dimethyl sulphoxide; N-methylpyrrolidone; and 
20 mixtures thereof. 

The 2-(4-piperidinyl) methyl- 1-indanone of formula H, or a salt thereof so obtained 
may be benzylated with a benzyl derivative of formula V, in the presence of an inorganic base 
and a phase transfer catalyst to give benzyl-piperidylmethyl-indanones of formula I, or a salt 
thereof. 



The inventors have observed that the benzylation rection is faster in the presence of a 
phase transfer catalyst and side products are minimized. The compound of formula I may thus 
be obtamed in good yield and purity without resorting to chromatographic purification 
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The phase transfer catalysts used for preparing benzyl-piperidylmethyl-indanones of 
formula I, are not limited, including, for example, quaternary ammonium salts, and quaternary 
phosphonium salts. Examples of quaternary ammonium salts include tetramethylammonium 
iodide, tetrabutylammonium iodide, benzyltributylammonium bromide, 1-methylpiridinium 
5 iodide, teramethyl-2-butylammonium chloride, trimethylcyclopropylammonium chloride, 
tetrabutylammonium bromide, and t-butylethyldimethylammonium bromide. Examples of 
quaternary phosphonium salts include tributylmethylphosphonium iodide, 
triethylmethylphosphonium iodide, methyltriphenoxyphosphonium iodide, 
tetrabutylphosphonium bromide, benzyltriphenylphosphonium bromide, and 
10 tetraphenylphosphonium chloride. 

The benzylation reaction may be carried out in a suitable solvent. 

The term "suitable solvent" includes any solvent or solvent mixture which are inert 
and do not change the reaction. Examples of such solvents include water; ethers such as 
diethyl ether, dibutyl ether, methyl tert-butyl ether, dioxane and tetrahydrofuran; chlorinated 
hydrocarbons such as dichloromethane, and dichloroethylene; esters such as ethyl acetate and 
isopropyl acetate; ketones such as acetone and MIBK (methylisobutylketone ); alcohols such 
as methanol, ethanol, propanol and isopropanol; acetonitrile; dimethylformamide; dimethyl 
sulfoxide; 1,2-dimethoxyethane; N-methylpyrrolidone; sulpholane; and mixtures thereof. 

The temperature at which the benzylation reaction may be carried out may range from 
about -20°C to about 120°C, for example from about 0»C to about 40«C. In particular, it may 
be carried out at a temperature from about 1 0°C to about 35°C. 

The base used for preparing a benzyl-piperidylmethyl-indanones of formula I 
includes, for example an amine, an inorganic base or ammonia. Examples of amines include 
tnethylamine, N-methyl morpholine, N,N-dimethyl benzyl amine, pyridine, picoline, and 
25 lutidine. 

The inorganic base may be an alkali metal carbonate, bicarbonate or hydroxide 
Examples of alkali metal carbonates include lithium carbonate, potassium carbonate and 
sodmm carbonate. Examples of alkali metal bicarbonates include potassium bicarbonate and 
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sodium bicarbonate. Examples of alkali metal hydroxides include potassium hydroxide and 
sodium hydroxide. 

The product obtained may be further or additionally dried to achieve the desired 
moisture values. For example, the product may be further or additionally dried in a tray drier, 
dried under vacuum and/or in a Fluid Bed Drier. 

The present invention is further illustrated by the following examples which are 
provided merely to be exemplary of the invention and are not intended to limit the scope of 
the invention. 

Preparation 1 

Preparation of 5,6-dimethoxy-2-(pyridine-4-yl) methylene-indan-l-one 

A mixture of 5,6-dimethoxy-indan-l-one (lOOg), pyridine-4-carboxaldehyde (67g) p- 
toluene sulfonic acid (1 1 8g) in toluene (1200ml) was refluxed azeotropically for 6 hours The 
reaction mixture was cooled to room temperature and filtered. The wet solid so obtained was 
stirred with 10% aqueous sodium carbonate solution. The solid was filtered, washed with 
15 acetone and then dried to get the title compound (130g). 
HPLC Purity: 99.5% 

Example 1 

Preparation of 5,6-dimethoxy-2-(4-pyridyl)methyl-indan-l-one. 

5,6-dimethoxy.2-(pyridine-4-yl) methylene-indan-l-one (lOOg, from preparation 1) was 
hydrogenated using 10% Palladium/carbon (lOg, 50% moisture) in a mixture of methanol 
(1500ml) and methylene chloride (1000ml) at atomospheric pressure. The hydrogen gas was 
bubbled into the reaction mixture for about 5 hours. The reaction mixture was filtered and the 
filtrate was concentrated to get the title compound (92 g). 
HPLC Purity: 99.8%. 
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Prepra aOT „f2>dm y dro-S>^^ 
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A mixture of 5,6-dimethoxy-2-(4-pyridyl)methyl-indan-l-one (25g from example 1) 
methanol (125ml), water (125ml), cone, hydrochloric acid(12.5g) and platinum dioxide (2 5g) 
was hydrogenated at 15 to 20 psi hydrogen pressure for about 6 hours. The reaction mixture 
was filtered, the filtrate was concentrated and the residue so obtained was crystallized from 
methanol to get the title compound (24g). 

HPLC Purity: 99.4%. 

Example 3 

Preparation of l-benzyl-4-((5,6-dfrnethoxy^^ hydrochloride 
(donepezil hydrochloride) 

To a stirred mixture of 2,3-cnhydro-5,6-dimemoxy^ 
one, hydrochloride (lOg from example 2), tetrabutyl ammonium bromide (Ig), potassium 
carbonate (9g) in a mixture of water (40ml) and methylene chloride (50ml) was added benzyl 
bromide (5.3g) at 20-25°C over 30 minutes. After the addition was over, the reaction mixture 
was stared at the same temperature for about 30 minutes. The organic layer was separated and 
stared with a mixture of water (20ml) and cone, hydrochloric acid (6.4g) at 20-25'C for 15 
minutes. The organic layer was separated and concentrated. The residue so obtained was 
dissolved in water (100ml) and extracted with ethyl acetate (50ml). The organic layer was 
discarded and pH of the aqueous layer was adjusted to 9.5 with aqueous ammonia solution 
(3.5ml). The aqueous solution was then extracted with ethyl acetate (50ml). The ethyl 
acetate extract was washed with water. The organic layer was concentrated and the residue 
was dissolved in methanol (50ml). To this solution, cone, hydrochloric acid (4.8g) diluted 
with methanol (10ml) was added. Diisopropylether (120ml) was then added to the solution at 
25°C. It was further stirred at 5 to 10»C and the separated solid was filtered and dried to get 
crystals of donepezil hydrochloride (1 Og). 

25 HPLC Purity: 99.95%. 

While the present invention has been described in terms of its specific embodiments 
certain modifications and equivalents will be apparent to those skilled in the art and are 
intended to be included within the scope of the present invention. 
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